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ABSTRACT
This bulletin contains a discussion of tests made in the I=B=-R
Research Home on an indirect, storage-type water heater located in
the house heating boiler and connected to a horizontal, insulated, 30-
gal. hot-water storage tank. The investigation is still in progress, and
subsequent data will be obtained on the operation of this same sys-
tem used in connection with a vertical, 30-gal. storage tank, and with
both vertical and horizontal storage tanks having capacities other than
30 gal. Tests on heaters of various sizes and on tankless heaters will
eventually be included in the program.
The objects of the investigation were:
(1) To determine, at various boiler water temperatures, the daily
fuel consumption chargeable to: (a) heat losses from the
boiler; (b) heat losses from the storage tank and piping; and
(c) actual heating of various quantities of water.
(2) To determine the relation between the temperature of the
water in the storage tank and the temperature of the water in
the boiler.
(3) To determine the rate of heating water and the maximum
water heating load on the boiler.
(4) To determine the maximum quantity of water, at a tempera-
ture above a specified minimum, that could be drawn off at
any one time.
In order to evaluate the effectiveness of insulation on the pipes con-
necting the water storage tank and the heater in the boiler, tests were
made both with and without insulation on the pipes.
With an average temperature of 150 deg. F. maintained in the
storage tank, under conditions of summer operation and with the tank
and piping insulated, the daily stand-by oil consumption was 7.6 lb.
out of a total of only 10.8 lb. of oil per 24 hr., when the daily draw-off
was 75 gal. of hot water. Thus only 3.2 lb. of oil per day were utilized
in supplying 75 gal. of hot water. Omitting the insulation- from the
15 ft. of 1-in. pipe connecting the water heater to the storage tank
increased the fuel consumption by about 31 per cent, when operating
at the stand-by condition, and by about 17 per cent, when the daily
draw-off was 75 gal. of hot water. Under conditions of winter operation
and at average winter outdoor temperatures, the daily fuel consump-
tion chargeable to the operation of the water heater averaged only
about 0.6 lb. of oil, when supplying 50 gal. of hot water each 24 hr.
The maximum water heating load on the boiler for a 75-gal. service
draw-off was only about 4,700 B.t.u. per hr., or about 65 per cent of
3
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the water heating allowance usually made in boiler selection. From the
results of the tests it is not evident that it is necessary to make any
water heating allowance for the purpose of selecting a boiler.
With an average boiler water temperature of 150 deg. F., the
temperature of the water in the storage tank was about 135 deg. F.,
when operating with uninsulated piping. Insulating the pipes between
the storage tank and the heater resulted in an increase of about 3 deg.
F. in the temperature of the water in the tank.
When the maximum water temperature in the tank was 150 deg. F.,
about 161 2 gal. of water, or 55 per cent of the tank capacity, could be
drawn off at one time before the temperature of the water at the hot-
water supply outlet dropped to 125 deg. F. This result was obtained
when a 30-gal. horizontal storage tank was used.
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PERFORMANCE OF AN INDIRECT STORAGE TYPE
OF HOT-WATER HEATER
I. INTRODUCTION
1. Preliminary Statement.-In homes heated with steam or hot-
water heating systems, the practice of using the house heating boiler to
supply hot water for domestic uses the year around is becoming preva-
lent. The advantages claimed for this practice are that an abundant
supply of hot water is available at all times, fewer units of mechanical
equipment are required, the operation is economical, and a minimum
amount of floor space is required for the equipment involved. Data
necessary for the correct sizing of this type of equipment are very
meager, as are also data on the cost of operation, maximum load im-
posed on the boiler under actual service conditions, and the rate at
which water can be heated. In view of this lack of data, a program of
tests was undertaken in the I=B=R Research Home in order to
determine the operating characteristics of an indirect storage type
water heater located in the house heating boiler and connected to a
horizontal, insulated, 30-gal. hot-water storage tank. The program was
initiated by the Advisory Research Committee' of the Institute of
Boiler and Radiator Manufacturers. This bulletin, the fifth to be
published under the cooperative agreement between the Institute of
Boiler and Radiator Manufacturers and the University of Illinois, is
devoted to a discussion of the hot-water heater tests made in the
I=B=R Research Home during the summers of 1942 and 1943.
The investigation is still in progress, and subsequent data will be
obtained on the operation of this same system used in connection with
a vertical 30-gal. storage tank, and with both vertical and horizontal
storage tanks having capacities other than 30 gal. Tests on heaters of
various sizes and on tankless heaters will also eventually be included
in the program.
2. Acknowledgments.-The results presented in this bulletin were
obtained in connection with a cooperative investigation sponsored
jointly by the Engineering Experiment Station of the University of
Illinois and the Institute of Boiler and Radiator Manufacturers. The
investigation has been carried on as a project of the Department of
Mechanical Engineering, and was conducted under the general admin-
istrative direction of DEAN M. L. ENGER, Director of the Engineering
1 "Performance of a Hot-Water Heating System in the I=B=R Research Home at the Uni-
versity of Illinois," Univ. of Ill. Eng. Exp. Sta. Bul. 349, p. 9. 1944.
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Experiment Station, and of EMERITUS PROFESSOR 0. A. LEUTWILER,
former Head of the Department of Mechanical Engineering. Acknowl-
edgment is hereby made to the various manufacturers who cooperated
by furnishing materials and equipment used in the investigation.
3. Objects of Investigation.-The objects of the investigation were:
(1) To determine, at various boiler water temperatures, the
daily fuel consumption chargeable to: (a) heat losses from
the boiler; (b) heat losses from the storage tank and piping;
and (c) actual heating of various quantities of water.
(2) To determine the relation between the temperature of the
water in the storage tank and the temperature of the water
in the boiler.
(3) To determine the rate of heating water and the maximum
water heating load on the boiler.
(4) To determine the maximum quantity of water, at a temper-
ature above a specified minimum, that could be drawn off
at any one time.
In order to evaluate the effectiveness of insulation on the pipes
connecting the water storage tank and the heater in the boiler, tests
were made both with and without insulation on the pipes. In all tests
the heater was connected to a 30-gal. horizontal storage tank.
II. DESCRIPTION OF EQUIPMENT
4. Test Plant.-The test plant consisted of an oil-fired boiler, in-
direct water heater, hot-water storage tank, water-tempering tank, and
scales and tanks used-for measuring the weight of oil burned and the
weight of the water heated during the test. Thermocouples were used
to measure the temperature of the cold' water supply to the storage
tank, the temperatures of the water at the inlet and outlet of the
heater, and the temperatures of the water at different levels in the
storage tank and in the boiler. A schematic diagram of the arrange-
ment of apparatus is shown in Fig. 1. The same hot-water boiler as
that used to heat the I=B=-R Research Home during the winters of
1940-41 and 1941-422 was employed for these tests. The boiler, con-
sisting of three 4-in. cast-iron sections insulated on the front, back,
sides, and top by a mineral wool blanket 1 in. in thickness, was com-
"Performance of a Hot-Water Heating System in the I=B=R Research Home at the Uni-
versity of Illinois," Univ. of Ill. Eng. Exp. Sta. Bul. 349, 1944.
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pletely enclosed with an enameled sheet-metal jacket. All cracks
around the base of the boiler and between sections were sealed with
asbestos cement in order to prevent leakage of air into, or products of
combustion out of, the boiler. The latter had a net I=B=R rating of
63,000 B.t.u. per hr., or a gross I=B=R output of 95,000 B.t.u. per hr.,
when fired at the rate of 1.0 gal. of oil per hr. The water capacity of
the boiler was approximately 14 gal.
The oil burner was of the pressure-atomizing, conversion type,
and the refractory combustion chamber was 11 in. wide by 12 in. long
by 121 in. high, inside dimensions. Since the combustion chamber was
installed in a dry bottom boiler, it rested directly on the basement floor.
The operation of the burner and circulator was regulated by means
of a conventional set of controls consisting of a room thermostat,
located in the living room, a low-limit control, a high-limit control, a
stack switch, and a relay. The stack switch was connected in the
burner circuit, serving as a safety control in case of failure of the
ignition or oil supply. The room thermostat was of the heat-antici-
pating type. The direct-acting, low-limit control, of the immersion
type, was located in the rear section of the boiler approximately 26 in.
above the bottom of the water leg. This control started the burner
whenever the temperature of the water in the boiler reached a pre-
scribed minimum. The high-limit control, attached to the surface of
the supply trunk immediately above the top of the boiler, served as an
additional safety control to prevent overheating the water in the
boiler. A schematic wiring diagram of the control system and the
sequence of operations is shown in Fig. 2.
The indirect water heater was of the trombone type, consisting of
three %-in. copper U tubes extending into the boiler a distance of 21 in.
The water heater was located in the back section of the boiler, approxi-
mately 31 in. above the bottom of the water leg and 4 in. above the
location of the low-limit control.
A standard 30-gal. storage tank, 12 in. in diameter and 60 in. long,
was suspended in a horizontal position near the basement ceiling. The
sides of the tank were insulated with air-cell insulation 1 in. thick,
and the heads were covered with 1 in. of magnesia insulation. Details
of the piping connections of the tank and heater, and of the location
of the thermocouples used to measure the temperature of the water
in the system, are shown in Fig. 1.
An uninsulated 40-gal. water-tempering tank, equipped with a 250-
watt heater, was used to regulate the temperature of the cold water
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III. TEST PROCEDURE
5. Stand-by Losses, Boiler Only.-In order to determine the por-
tion of the total fuel consumption chargeable to heat losses from the
boiler and chimney, stand-by tests were made on the boiler with the
water heater disconnected. The stand-by tests were approximately 48
hr. in length, starting and stopping at the ends of burner off-periods,
and were made at three different temperature control settings ranging
from about 145 to 210 deg. F. The temperatures of the water at the
top and bottom of the boiler, and at the level of the temperature
control, were recorded by means of copper-constantan thermocouples
connected to a multiple-point recording potentiometer. The tempera-
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tures of the flue gases at the smoke collar, and at the levels of the
basement ceiling and the second-story ceiling, were also recorded.
Other observed data included the basement temperature, the total
weight of oil burned during each test, the total operating time of the
burner, and the electrical input to the burner.
6. Stand-by Losses, Boiler and Tank.-These tests were made to
determine the portion of the total fuel consumption chargeable to heat
losses from the hot-water storage tank and connecting piping. They
differed from the stand-by tests made on the boiler only in that the
water heater was connected to the storage tank by suitable piping, as
indicated in Fig. 1, and the storage tank, piping, and heater were
filled with hot water. During these tests no hot water was drawn.
Before a test was started, the system was operated until all water
temperatures in the boiler and storage tank had become stabilized. In
addition to the readings taken for the stand-by tests for the boiler
only, data taken during these tests included a continuous recording of
the temperatures of the water at the top and bottom of the hot-water
storage tank, and at the inlet and outlet of the water heater. These
records were also obtained by means of copper-constantan thermo-
couples connected to the multiple-point recording potentiometer. Tests
were made at three temperature control settings, both with and with-
out insulation on the piping connecting the water heater and the
storage tank.
7. Heating Up.-These tests were made at several different boiler
water temperatures to determine the rate at which the water in the
storage tank could be heated, and the maximum load imposed on the
boiler by the water heater. At the beginning of each test the storage
tank was filled with water at a temperature of about 60 deg. F. The
valve in the piping between the storage tank and the heater outlet
was closed to prevent circulation of the water through the heater. At
the end of a normal burner on-period the test was started by opening
the valve in the line between the outlet of the water heater and storage
tank. The test continued until the temperature of the water in the
storage tank had reached a maximum. Records were made of the total
length of the test, the oil burned, the burner operating time, and the
electrical input to the burner. A continuous record was made of the
temperature of the water in the boiler at the top, the bottom, and at
the level of the temperature control. The temperatures of the water at
the top and bottom of the storage tank, and at the inlet and outlet
of the water heater, were also continuously recorded.
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8. Continuous Draw-off.-For each temperature control setting,
tests were made to determine the quantity of water that could be
drawn from the storage tank, without the temperature at the hot-
water outlet of the tank decreasing below a specified value. These
tests, were made after the system had operated long enough for all
temperatures to become constant. Each test was started at the end of
a burner on-period by opening the valve in the hot water outlet line
and adjusting it so that hot water was discharged into the weighing
tank at a rate of 40 lb. per min. The draw-off was continued until the
temperature of the water leaving the storage tank had dropped below
125 deg. F. By means of a thermocouple, the temperature of the water
being drawn from the tank was read every 15 seconds during the test.
The temperature of the cold water supply was maintained constant at
about 80 deg. F., corresponding to the temperature of the basement
air. At the end of each test the total weight of water drawn was
recorded, together with the exact time interval required for the
draw-off. The results were plotted with time intervals as abscissae
and with temperatures and weights of water drawn as ordinates.
9. Service Draw-off.-In order to obtain data necessary for the
prediction of the fuel consumption under service conditions, one series
of tests was made, in which, at various intervals during the day,
quantities of hot water approximating those used in actual service
were drawn from the storage tank. The three draw-off schedules used
are given in Table 1. It is true that the actual demands encountered
in service will deviate from the test schedules used. However, other
investigations have shown that, within certain limits, the actual
schedule of draw-offs has practically no effect on the service efficiency,
and hence on the daily fuel consumption, as long as the total quantity
of water used during the day remains unchanged. 3
Tests were made at three different boiler water temperatures, using
each of the three schedules given in Table 1 for each setting. Each
test was started at the end of a burner on-period, after the system had
operated on stand-by sufficiently long to establish equilibrium condi-
tions. Immediately before and after each draw-off, readings were made
of the temperature of the water in the boiler, and also of the tempera-
tures at 11% in., 4% in., 7% in., and 10% in. above the bottom of the
storage tank. After the last draw-off, as listed on the schedule, the sys-
tem was allowed to operate under stand-by conditions with no water
drawn for the remainder of the 24-hr. period, at which timne the test
3
"Fundamentals of Domestic Gas Water Heating," American Gas Association, Bul. 9, p. 150.
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TABLE 1
HOT-WATER DRAW-OFF SCHEDULES
Hours from Hours from
Start of Test Water Drawn Off, lb. Start of Test Water Drawn Off, lb.
0............ 17 0 0 9........... 0 0 0
1 ............ 42 83 83 10........... 17 17 25
2 ............ 25 58 83 11........... 17 25 42
3 ............ 8 25 100 12........... 25 33 42
4............ 17 25 42 13........... 0 0 0
5............ 17 25 42 14........... 50 83 83
6............ 17 42 83
7............ 0 0 0 Total lb...... 252 416 625
8............ 0 0 0 Total gal ..... 30.2 50.0 75.0
Start of draw-off test-at end of last burner on-period.
End of draw-off test -at end of last burner on-period, approximately 24 hr. after start of test.
was stopped at the end of the burner on-period. The quantity of water
drawn off each time was weighed to within 0.01 lb. Records were also
made of the total oil used, the burner operating time, and the electrical
input to the burner for each test.
IV. STAND-BY OPERATION
10. Water Temperatures.-Under conditions of summer operation,
the temperatures of the water at the top and at the bottom of the
storage tank, and the average temperature of the water in the storage
tank during stand-by operation, or when no water was being drawn,
are shown in Fig. 3, plotted against the average temperature of the
water in the boiler. With the pipe between the heater and the storage
tank uninsulated, the average temperature of the water in the tank
was from 16 to 25 deg. F. lower than the average temperature of the
water in the boiler; the smaller difference occurred with a boiler water
temperature of 150 deg. F. and the larger with a boiler water tempera-
ture of 200 deg. F. Similarly, the temperature of the water at the top
of the storage tank was from 13 to 21 deg. F. lower than the average
boiler temperature.
Insulating the pipe between the water heater and the storage tank
had only a slight effect upon the temperature of the water at the
bottom of the storage tank. However, for any given average boiler
water temperature, insulating the pipe resulted in an increase of about
5 deg. F. in the temperature of the water at the top of the tank, and
an increase of approximately 3 deg. F. in the average temperature of
the water in the tank. In other words, to obtain hot water at a given
temperature at the fixtures, it is possible to operate with water in the
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FIG. 3. TEMPERATURE OF WATER IN STORAGE TANK, SUMMER CONDITIONS
boiler at from 3 deg. F. to 5 deg. F. lower temperature if the pipe
between the tank and the heater is insulated.
Under conditions of summer operation, the temperature of the
water in the storage tank is governed by the setting of the low-limit
control located in the boiler. Under winter conditions, the operation
of the burner is controlled by both the low-limit control and the room
thermostat. The curves in Fig. 4 show the temperatures of the water
at the top and at the bottom of the storage tank obtained over the
range of outdoor temperatures occurring during the winter tests. The
low-limit control was set at 165 deg. F. It may be observed from Fig. 4
that in very mild weather the temperature of the water in the storage
tank increased only slightly as the outdoor temperature decreased. In
this zone of outdoor temperatures the boiler water temperature was
determined primarily by the low-limit control. As the outdoor tempera-
ture decreased, the room thermostat operated the burner longer in
order to keep the house warm, thus causing the boiler water to be
/14
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FIG. 4. TEMPERATURE OF WATER IN STORAGE TANK, WINTER CONDITIONS
maintained at an average temperature higher than that represented
by the setting of the low-limit control. As a result, at all indoor-out-
door temperature differences above 27 deg. F., there was a marked
increase in the temperature of the water in the storage tank as the
indoor-outdoor temperature difference increased. It is, therefore, evi-
dent that while a low-limit control will insure reasonably constant
water temperature at the fixture during the spring, summer, and fall,
a mixing valve would be required in order to obtain a constant water
temperature during all seasons of the year.
11. Fuel Consumption.-The daily oil consumption chargeable to
the heat losses from the boiler, the storage tank and connecting piping,
and to the sum of the heat losses from the boiler, the storage tank,
and the connecting piping, with the latter both insulated and uninsu-
lated, is shown in Fig. 5. The curves representing the losses from the
pipe and storage tank were obtained by first determining the total
losses from the boiler, storage tank, and pipe (Section 6, page 12).
The losses from the boiler alone were then separately determined
(Section 5, page 11), and subtracted from the total.
The curves cover a wide range of average boiler water tempera-
tures, and represent conditions under which no hot water was being
drawn from the storage tank. The upper set of curves indicates that
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FIG. 5. STAND-BY OIL CONSUMPTION CURVES
at any given average boiler water temperature within the range cov-
ered by the tests, insulating the 15 ft. of 1-in. pipe connecting the
water heater to the storage tank resulted in a reduction of approxi-
mately 2 lb. in the total quantity of oil used per day, as compared to
the total stand-by oil consumption obtained with uninsulated pipe.
However, in the case of domestic water heating, the temperature of
the water in the boiler is only of secondary interest, since the con-
sumer is primarily interested in obtaining water at a given tempera-
ture. As compared with uninsulated piping, it is shown in Section 10
(page 14) that if the piping is insulated, it is possible to reduce the
boiler water temperature by from 3 to 5 deg. F. without reducing the
temperature of the water in the storage tank. From Fig. 5 it may be
observed that such a reduction in boiler water temperature would
result in an additional fuel saving of approximately 0.4 lb. per day.
That is, under stand-by conditions a total fuel saving of approximately
2.4 lb. of oil per day could be effected by insulating the piping
between the storage tank and the heater.
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The total stand-by oil consumption increased rapidly as the
temperature of the boiler water was increased, both in the case of
insulated pipe and in that of uninsulated pipe. It is therefore evident
that for efficient operation, regardless of whether or not the piping is
insulated, the low-limit control should be set to the lowest tempera-
ture at which water sufficiently hot for domestic uses can be supplied.
Usually water leaving the storage tank at a temperature as low as
140 deg. F. is considered satisfactory.
It should be emphasized at this point that all of the stand-by tests
were run during the summer months, when no heat was required in
the house; hence the entire amounts of oil consumption shown by the
curves in Fig. 5 are chargeable to the heating of water alone. During
the winter, a part of the stand-by heat losses read from the upper
curves in Fig. 5 would be utilized in supplying heat to the house, and
therefore should not be charged to the cost of heating water. Winter
operating conditions are further discussed in Sections 19 and 20 (pages
30 to 33).
12. Heat Loss from Storage Tank.-The actual volume of water
held by the horizontal storage tank used in these tests was 29.0 gal.
From the volume of the tank it was possible to determine the heat
.loss for any given water temperature by observing the rate of cooling
when thevalves were closed and no circulation of water could take
place between the tank and the heater.
The temperatures, of the water in the tank, as recorded by a mul-
tiple-point recording potentiometer over a 28-hr. cooling period, are
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FIG. 7. HEAT LOSSES OF WATER STORAGE TANK AND PIPING
shown in Fig. 6. The mean temperature of the water at the start of the
cooling period was 172 deg. F., and at the end of 28 hr. it had dropped
to 105 deg. F. For any given hour, the heat loss from the tank was
obtained by multiplying the drop in the mean temperature of the
water during the hour by the weight of water in the tank. The latter
was 242 lb. From the curves in Fig 6, the heat loss was calculated for
each successive 1-hr. period and was plotted against the average
temperature maintained by the water in the tank during the hour,
as shown by Curve No. 7, Fig. 7. This curve is also utilized in Section
15 (page 22) in determining the total load imposed on the boiler
by the water heater.
13. Heat Loss from Piping.-The heat loss from the 1-in. pipe be-
tween the storage tank and the heater could not be determined experi-
mentally. The heat losses for both the uninsulated and the insulated
pipe were therefore calculated from data given in the 1944 American
/-)
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Society of Heating and Ventilating Engineers' Guide.4 For the pur-
pose of the calculations, the temperature of the basement air at a
height of 60 in. above the floor was used. The temperature of the
water in the pipe connecting the bottom of the tank to the water
heater was assumed to be the same as that of the water in the bottom
of the storage tank, and the temperature of the water in the pipe
connecting the heater to the top of the storage tank was assumed to be
the same as that of the water in the top of the storage tank. The
calculated heat losses from both the insulated and uninsulated piping,
together with the total heat loss from storage tank and piping, are
shown for a range of average temperatures of the water in the storage
tank by the curves in Fig. 7. Curves 3 and 6 indicate that, at a water
temperature of 150 deg. F., insulating the pipe effects a reduction in
the piping loss, and therefore in the load on the boiler, of about 550
B.t.u. per hr. The over-all thermal efficiency of this system for summer
operation was about 30 per cent. Since the heat content of the oil used
was 19,550 B.t.u. per lb., the calculated reduction in pipe losses at a
water temperature of 150 deg. F. resulting from the use of insulation
represents an estimated fuel saving of 1 X 550 X 1 X 24 = 2.25
0.30 19550
lb. per day. This estimated fuel saving agrees closely with the actual
fuel saving obtained by test as discussed in Section 11 (page 17).
V. RECOVERY RATE AND LOAD ON BOILER
14. Recovery Rate.-A graphic log of water temperatures and
boiler operation for a typical recovery test is shown in Fig. 8. Recovery
tests were run for each of the three control settings, both with and
without insulation on the piping between the water heater and storage
tank. Curves similar to those of Fig. 8 were drawn for each test, and
the rate of increase in the temperature of the water in the storage tank
at any given time was then plotted against the corresponding differ-
ence between the average temperature of the water in the boiler and
the temperature of the water entering the water heater. The results
are presented in Fig. 9. This curve indicates that the rate of heating
the water in the storage tank is dependent upon the difference be-
tween the average temperature of the water in the boiler and the
temperature of the water entering the heater. It also indicates that
insulating the piping connecting the water heater to the storage tank
had no appreciable effect on the rate of heating.
4 American Society of Heating and Ventilating Engineers' Guide, Table 1, Chapter 18, p. 345,
and Fig. 1, Chapter 18, p. 348. 1944.
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15. Load on Boiler.-The curves shown in Figs. 7, 8, and 9 were
used in computing the load imposed on the boiler for given tem-
peratures of the water in the boiler and in the service mains. For
example, at the start of the typical test shown in Fig. 8, the tempera-
ture of the water entering the heater was 60 deg. F., and the average
temperature of the water in the boiler was 200 deg. F. Under these
conditions, the rate of heating the water in the storage tank, as shown
in Fig. 9, was 52 deg. F. per hr. Since the storage tank and piping held
29.5 gal., this rate of temperature rise is equivalent to 52 X 29.5 X
8.33 = 12,766 B.t.u. per hr. From similar calculations made for each
succeeding hour of the test, Curve No. 1 of Fig. 10 was plotted. This
curve represents the load on the boiler due to the actual heating of
water at any given time during the test. To obtain the total load, it is
necessary to add to the results shown by this curve the load due to
heat losses from the pipe and storage tank. The latter losses, computed
in accordance with the methods described in Sections 12 and 13 (pages
18 to 20), are shown by Curves 2 and 3 in Fig. 10. Curve 4, repre-
senting the total load, is the summation of Curves 1, 2, and 3.
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FIG. 12. GRAPHIC LOG OF CONTINUOUS DRAW-OFF TEST
In a recovery test the maximum load occurs at the start, and is
equal to the water heating load. The latter is dependent on the size of
the water heater and on the mean temperature difference between the
water immediately surrounding the heater and the water in the heater
itself. It is impossible to measure the actual mean temperature differ-
ence. The total load on the boiler has, therefore, been plotted against
the difference between the average temperature of the water in the
boiler at the control level and the temperature of the water at the
bottom of the tank; the results are shown in Fig. 11. Theoretically,
the mean temperature of the water surrounding the heater should have
practically no effect on the load at a given mean temperature differ-
ence. The deviations shown by the curves for different average boiler
water temperatures probably result from the fact that the average
temperature of the water in the boiler at the control level and the
temperature of the water at the bottom of the tank are not truly
representative of the mean temperature of the water surrounding the
heater and the mean temperature of the water in the heater itself. The
curves in Fig. 11 are further made use of in Section 22 (page 35),
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in connection with the computation of the boiler load under service
conditions.
16. Available Hot Water.-In order to determine how much water
at a temperature above a specified minimum could be drawn from the
storage tank at a single draw-off, a series of tests was run as described
in Section 8 (page 13). Figure 12 is a graphic log of the data taken
during one of these tests. Other tests were run at different low-limit
control settings, and, from the results of all of these tests, the curves
in Fig. 13 were plotted. The capacity of the storage tank was 242 lb.
of water, and it is evident that when the maximum water temperature
in the tank was 150 deg. F., only 136 lb. of water, or about 55 per cent
of the tank capacity, could be drawn off before the temperature of the
water at the hot water supply outlet dropped to 125 deg. F. The value
of 125 deg. F., selected for minimum allowable temperature of the hot
water, is more or less arbitrary; it was used as an example because
that temperature has been adopted to some extent by other agencies
testing gas-fired equipment. It should also be observed that this
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temperature is a limiting, or end point, value. That the average
temperature of the water drawn would be well above 125 deg. F. is
evident from the shape of the appropriate curve in Fig. 12.
The maximum amount of hot water available in a single draw-off
has very little relation to the performance of the water heater itself.
The curves in Fig. 12, however, may be useful in determining the
minimum allowable storage tank size in case the maximum draw-off
is known. Similar curves could be valuable in comparing various
storage tank designs and arrangements, in that they provide a direct
index of the amount of mixing of the hot and cold water in the tank
during the draw-off. The greater the degree of mixing, the smaller the
quantity of hot water available in a single draw-off.
VI. SERVICE OPERATION
17. Water Temperatures.-The variations in the temperature of
the water drawn during a 75-gal. service draw-off test are shown in
Fig. 14, together with the temperature of the water in the boiler and
the temperature of the cold water supplied to the storage tank to
replace the hot water drawn off. The locations of the bars at the top
of Fig. 14 show the time of each draw-off, and the heights indicate
the quantity of water drawn. At the first draw-off, one hour after the
start of the test, the initial temperature of the water drawn from the
top of the tank was 180.5 deg. F. The temperature dropped to 161 deg.
F. as a result of drawing off 83 lb. of water. During the hour following
the first draw-off, the heater raised the temperature of the water from
161 to 169.5 deg. F., but the second draw-off of 83 lb. again reduced
the temperature, this time to 145 deg. F. For the third draw-off,
amounting to 100 lb., the water temperatures at the start and end of
the draw-off were 157 and 133.5 deg. F., respectively. The temperatures
of the water at the top of the storage tank at the beginning and end
of each succeeding draw-off are shown by Curve No. 3.
Whenever the water temperature at the start of one draw-off was
less than that at the start of the preceding draw-off, it indicated that
the capacity of the heater at the prevailing water temperatures was
insufficient to provide an adequate recovery rate, or, in other words,
insufficient to add as much heat to the water in the system as was
removed during the preceding draw-off. In order to obtain satisfactory
results under these conditions, it would be necessary for the storage
tank to have ample volume to make up for the deficiency in the
capacity of the heater. In other words, for any given hot water
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demand, the smaller the capacity of the water heater, the greater must
be the volume of the storage tank in order to give satisfactory
operation.
18. Fuel Consumption, Summer Operation.-Comparison between
the fuel consumption required to supply a given quantity of hot water,
with uninsulated piping between the water heater and tank, and that
required with insulated piping, can be made only when the water in
the storage tank is maintained at the same temperature in both cases.
Since the operation of the burner was regulated by a temperature
control located in the boiler, it was not convenient in the tests made
in the summer of 1943 to duplicate exactly the storage tank tempera-
tures used in the tests made in the summer of 1942. For this reason,
the daily fuel consumption for each test was plotted against the aver-
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age temperature of the water in the storage tank, as shown in Fig. 15,
and these curves were then used in connection with the three draw-off
schedules to determine the daily fuel consumption that would have
been obtained for any given tank temperature. The results, showing
the daily fuel consumption at three different water temperatures and
for all daily draw-off rates from 0 to 75 gal. per day, when operating
both with and without insulation on the piping connecting the water
heater to the storage tank, are presented in Fig. 16.
From the curves of Fig. 16 it may be observed that the daily oil
consumption chargeable to heating water was reduced by amounts
ranging from 1 to 2.5 lb. per day, by simply insulating the 15 ft. of
1-in. pipe connecting the water heater to the storage tank. In other
words, under conditions of summer operation, insulating the con-
necting piping resulted in a 15 to 20 per cent reduction in the fuel
consumption required for heating water for domestic uses, and at the
same time somewhat reduced the amount of heat escaping into the
house from the piping and chimney. In the summer this heat loss from
piping and chimney is undesirable in that it raises the temperature in
the living quarters, but in the winter most of it is regained by being
utilized to offset part of the heat loss from the house.
The curves in Fig. 16 also show that a very large proportion of
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the total fuel consumption is chargeable to stand-by losses, while only
a small part is utilized to heat the water drawn from the tank. With
an average temperature of 150 deg. F. maintained in the storage tank,
and with the tank and piping insulated, the stand-by oil consumption
was 7.6 lb., out of a total of only 10.8 lb. of oil per 24 hr. when the
daily draw-off was 75 gal. of hot water. Thus only 3.2 lb. of oil per
day were utilized in supplying the 75 gal. of hot water, while 7.6 lb.
3.2 X 100
were required for the stand-by losses. That is, only , or 29.6
10.8
per cent, of the total fuel consumption was actually utilized in heating
water. The remainder, or 70.4 per cent, was used to offset heat losses
from the boiler, the chimney, the piping, and the storage tank, empha-
sizing the importance of adequate insulation for boiler, storage tank,
and piping in order to minimize all stand-by losses.
19. Fuel Consumption, Winter Operation.-Under summer condi-
tions, the water heating load is the only load on the boiler, and the only
heat that can be regarded as useful is that portion in the fuel burned
which is utilized in raising the temperature of the hot water con-
sumed. During the winter, the main load on the boiler is the house
heating load, and a large portion of the heat escaping from the surfaces
of the boiler, the chimney, the storage tank, and the piping, which is
lost heat as far as summer operation is concerned, is utilized in sup-
plying heat to the house. Accordingly, several series of tests were run
in order to obtain data on winter performance; the results are shown
in Fig. 17. Series A and B have been discussed in detail in earlier
reports. 5 Hence, at this point it is sufficient to observe that, for any
given indoor-outdoor temperature difference, the excess in the amount
of fuel burned for Series A over that for Series B was attributed to
that required to maintain a sufficiently high temperature in the boiler
to enable it to be used as a means of heating domestic hot water. Since
the internal water heater was not connected to the hot-water storage
tank during these tests, the oil consumption does not include any fuel
chargeable to the stand-by loss from the storage tank and piping, or
to the actual heating of water for domestic uses.
Two additional series of tests were therefore run, in which the
water heater was in operation, and the control system was the same
as that used in Series A. For Series X, shown by the points marked x
"Performance of a Hot-Water Heating System in the Research Home," ASHVE Transac-
tions Vol. 48, pp. 169-172.
"Performance of a Hot-Water Heating System in the I=B--R Research Home at the
University of Illinois," Univ. of Ill. Eng. Exp. Sta. Bul. 349, pp. 22-25, 30-32.-,1944.
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in Fig. 17, no domestic hot water was used. For Series Y, shown by
the points marked o, 50 gal. of hot water were drawn each day in
accordance with the schedule given in Table 1. It is evident that the
curve for Series A represents these points equally well. In other words,
practically all of the heat losses from the hot-water storage tank and
piping were recovered and utilized in heating the house. Thus, with
the boiler used both to supply domestic hot water and to heat the
house, the only additional fuel required to supply domestic hot water
over that required for house heating alone was that necessary to offset
the additional heat loss from the chimney. This additional heat loss
from the chimney was brought about by the fact that, in mild
weather, in order to heat the domestic hot water, it was necessary to
maintain the water in the boiler at a higher temperature than that
which would have resulted if there had been no flow-control valve and
low-limit control. With the latter arrangement, the boiler water would
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have been permitted to cool during times when there was no heat
demand from the room thermostat. This condition is represented by
the curve for Series K-4.
20. Effect of Thermostat Differential on Fuel Consumption.-Be-
tween the time of running Series A and B and Series X and Y, the
thermostat differential was accidentally changed from 0.5 to 1.0 deg. F.
Series K-4, represented by the blocked circle points in Fig. 17, was
run under the same conditions as Series B, except that the thermostat
differential was 1.0 instead of 0.5 deg. F. It may be observed that the
curve of fuel consumption for Series K-4 is higher than that for
Series B, intersecting the curve for Series A at about 40 deg. F. indoor-
outdoor temperature difference instead of at 70 deg. F. The fuel con-
sumption chargeable to heating water with a thermostat differential
of 1.0 deg. F. is represented by the difference between the curves for
Series K-4 and for Series Y, while that chargeable to heating water
with a thermostat differential of 0.5 deg. F. is represented by the differ-
ence between the curves for Series B and for Series A. Thus it may be
observed that, under winter conditions, increasing the thermostat
differential from 0.5 to 1.0 deg. F. reduced by approximately one-half
the fuel consumption chargeable to heating water. When operating
without a low-limit control, an increase in the thermostat differential
caused an increase in the length of the on-periods of the burner.
In mild weather, when operating on Series A, X, or Y, the lengths
of the on-periods, as governed by the low-limit control, were de-
termined by the time required to raise the temperature of the water in
the boiler to correspond to the control setting. When operating on
Series B or K-4, when- no low-limit control was used, the lengths of
the on-periods were dependent upon the thermostat differential. Thus
when operating with no low-limit control, as the thermostat differential
was increased the lengths of the on-periods were increased, and the
temperatures of the water in the boiler at the end of the on-periods
approached those obtained in Series A, X, and Y. As a result, when the
thermostat differential was increased, the curve representing Series
K-4 more nearly approached the curve for Series A, X, and Y, result-
ing in a decrease in the fuel consumption chargeable to heating water.
However, the total fuel consumption represented by the curve for
Series A, X, and Y remained unchanged, and the decrease in the fuel
required for heating water obtained by the increase in the thermostat
differential was secured at the expense of a corresponding increase in
the fuel required for house heating. It is probable that the thermostat
differential for the average installation is not less than 1.0 deg. F. In
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this case, the difference in the fuel consumption for Series K-4 and
Series Y at any given indoor-outdoor temperature difference repre-
sents heat losses chargeable to domestic hot water heating.
An indoor-outdoor temperature difference of 34 deg. F. is char-
acteristic of average winter conditions in Urbana, Illinois. From the
curves for Series K-4 and Series Y in Fig. 17, it is evident that, when
the boiler was being used to heat domestic hot water and the boiler
water temperature was not allowed to drop below an average of 165
deg. F., the heat losses chargeable to water heating during an average
winter day amounted to a fuel consumption of 1.5 lb. of oil per day.
At a boiler water temperature of 165 deg. F., obtained in average
winter weather for Series Y, the boiler loss chargeable to domestic
hot-water heating in the summer, as shown in Fig. 5, was 7.3 lb. per
day. Thus it appears that in average winter weather the amount of
the stand-by heat losses utilized to heat the house was equivalent to
an oil consumption of 7.3 - 1.5 = 5.8 lb. of oil per day. This represents
5.8 X 100
-= 79.5 per cent of the total stand-by loss.
7.3
21. Yearly Cost of Heating Domestic Hot Water.-It is very diffi-
cult to estimate the average yearly cost of heating water for domestic
uses with the house heating boiler, because of the number of unknown
variables involved. The principal variables are: (1) the unit cost of
the fuel; (2) the average quantity of water used per day; (3) the
temperature of the water; (4) the type of heater installation; (5) the
method of control; and (6) the fuel used. The unit cost of fuel can
be eliminated if seasonal fuel consumption is substituted for cost.
Figure 16 shows that the quantity of water used does not greatly
affect the fuel consumption. On the other hand, the latter is greatly
influenced by the temperature of the water. During the winter months,
the boiler at the I=B=-R Research Home was operated so that it
maintained a temperature of 150 deg. F. in the storage tank, and, on
the assumption that the average family of four uses about 50 gal. of
hot water per day, the curves of Fig. 17 provide a means for esti-
mating, at any given outdoor temperature, the daily fuel consumption
chargeable to heating water. For the purposes of analysis, it has been
further assumed that insulated piping would be used between the
storage tank and heater.
The frequency of the different outdoor temperatures occurring
during the nine months of the heating season in Urbana, Illinois, is
shown in Table 2. The data for this table were obtained from records
of the United States Weather Bureau Station at the University of
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TABLE 2
AVERAGE OUTDOOR TEMPERATURES AND CORRESPONDING FUEL
CHARGEABLE TO HEATING WATER
Average Outdoor
Temperature
-10 to -5
-5 to 0
0to 5
5 to 10
10 to 15
15 to 20
20 to 25
25 to 30
30 to 35
35 to 40
40 to 45
45 to 50
50 to 55
55 to 60
60 to 65
65 to 70
70 to 75
75 to 80
80 to 85
85 to 90
Total Number
of Days1
Average Number
of Days per Year
0.2
0.4
0.8
2.2
4.6
7.6
13.6
25.4
33.8
30.0
23.4
22.6
20.8
19.8
22.0
19.0
13.6
9.4
3.4
0.4
273
Oil Required to Heat
50 Gal. of Water Daily, lb.
Per Day
4
Total
5
0
0
0
0
0
0
0
0
0
45.0
46.8
67.8
87.4
99.0
158.3
171.0
133.3
92.1
33.4
3.9
938.0 lb.=
134 gal.
'Based on records of United States Weather Bureau Station at University of Illinois, Urbana,
Illinois. Includes months of January, February, March, April, May, September, October, November
and December from September, 1936, to May, 1941.
Illinois, Urbana, Illinois, for the five years from September, 1936, to
May, 1941, inclusive.
Column 4 shows the estimated daily fuel consumption chargeable
to heating 50 gal. of water daily, obtained from the difference between
the curves for Series K-4 and Series Y in Fig. 17, corresponding to in-
door-outdoor temperature differences represented by the mean temper-
ature of each bracket shown in Column 1. The total fuel consumptions
shown in Column 5 were then calculated by multiplying the daily fuel
consumptions (Column 4) by the average number of days per year
having average temperatures falling within the limits of each bracket
(Column 3). The total of Column 5 represented an estimated seasonal
oil consumption of 938 lb., or 134 gal. for one winter's operation.
During the three summer months, a daily fuel consumption of 9.8
lb. of oil can be estimated from Fig. 16. The total estimated fuel con-
sumption for the three summer months would therefore be 92 X 9.8 =
902 lb., or 129 gal. of oil, and the estimated yearly fuel consumption
would be 134 + 129 = 263 gal. At a cost of 7% cents per gal., this
estimated fuel consumption represents a total cost of $20.38 per year,
or an average cost of $1.70 per month exclusive of the cost of operating
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the burner. Under the conditions of the tests in the I=B=R Research
Home, the electrical input to the burner was at the rate of 118 watts
and the rate of oil burning was 1.07 gal. per hr. of operation. The total
burner operating time chargeable to heating water would therefore be
263 - 1.07 = 245 hr., and the total power consumption would be
245 X 0.118 = 28.9 kw-hr. At an average cost of 31/2 cents per kw-hr.
for electricity, the cost of power would be $1.02 per year, or approxi-
mately 8 cents per month, representing a total estimated average
monthly cost of $1.78 chargeable to heating water by an indirect
storage type heater installed in a house heating boiler similar to the
arrangement used in the I=B=R Research Home.
It was necessary to analyze the data taken at the Research Home
on the basis of water in the storage tank at 150 deg. F. However, by
some agencies it is considered that a temperature of 140 deg. F. is
sufficiently high for all practical purposes. In the latter case, most of
the reduction in the cost of heating water would be brought about by
conditions prevailing during the summer months.
Data on winter operation were not sufficient to make a complete
analysis of the costs with 140 deg. F. storage tank temperatures. How-
ever, it can be shown from the curves in Fig. 16 that a saving of ap-
proximately 18 per cent can be effected in the summer by using water
at a temperature of 140 instead of 150 deg. F. Since the winter savings
would be materially less, an estimated yearly saving of approximately
10 per cent seems reasonable. On this basis an average monthly cost of
approximately $1.60 might be expected if 140 deg. F. water were used.
22. Water Heating Load.-As shown in Section 15 (page 24), the
total load imposed on the boiler by the water heater is dependent upon
the size of the heater, and upon the difference between the temperature
of the water entering the heater and the average temperature of the
water in the boiler. If these values are known, the curves in Fig. 11
may be used to determine the actual water heating load -under any
given service condition. Curve No. 5 in Fig. 14 shows the total water
heating load occurring at any given time during the period of a 75-gal.
service draw-off test. The average boiler water temperature was 200
deg. F., and all piping was uninsulated. These conditions are the same
as those on which the load during the heating-up period shown in
Fig. 10 was based.
A comparison of Figs. 10 and 14 shows that, under normal service
conditions with normal storage tank temperatures, the maximum load
imposed on the boiler by the water heater is never so great as the
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maximum obtained during the heating-up test starting with cold water
in the tank. With 75 gal. of hot water being drawn per day, as shown
in Fig. 14, the maximum load under service conditions was about
7,500 B.t.u. per hr., and the duration was for a very short period only.
These conditions represent summer operation, and Curve No. 5 in
Fig. 14 indicates that, for the particular combination of heater and
storage tank used in the tests, a water heating allowance of 7,000
B.t.u. per hr. should be ample. At the same boiler water temperature,
this allowance is approximately 55 per cent of the maximum load ob-
tained during a heating-up test. The latter load would never be im-
posed unless practically all of the hot water in the storage tank were
drawn off at one time. The necessary allowance decreases as the boiler
water temperature is decreased, and, at corresponding temperatures,
remains approximately 55 per cent of the maximum load imposed
during a heating-up period.
The maximum loads obtained for all of the service draw-off tests
made under summer conditions are given in Table 3. On the assump-
tion that 150 deg. F. is sufficient for most domestic uses of hot water,
it may be observed that the maximum load for a 75-gal. service draw-
off is only about 4,700 B.t.u. per hr.
The duration of the maximum water heating load is dependent
upon both the size of the storage tank and the quantity of hot water
drawn off. However, the actual value of the maximum load is inde-
pendent of the size of the tank.
Nevertheless, in selecting a boiler to be used for the purpose of both
heating the house and supplying domestic hot water, it has been
customary to add to the house heating load a water heating allowance
of 240 B.t.u. per hr. for each gallon of storage tank capacity. In the
case of the system used for the tests in the I=B=R Research Home,
the conventional water heater allowance would be 240 X 30 = 7,200
B.t.u. per hr., or about one and one-half times the actual maximum
load obtained under summer service conditions. Under the latter con-
ditions, when the boiler is used solely for heating the domestic hot
water, no allowance above the normal capacity required for the winter
house heating load is necessary. Therefore, the only valid reason for
adding a water heating allowance in selecting a boiler would seem to
be to insure that the boiler has ample capacity to carry simultaneously
both the house heating load and water heating load. It was proved in
Sections 19 and 20 (pages 30 to 33) that the house heating and water
heating loads are not strictly additive, because a very large portion
of the so-called water heating load is actually utilized in supplying
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TABLE 3
SUMMER WATER HEATING LOAD
SERVICE DRAW-OFF TESTS
Test
Number
1
2
1
2
1
2
3
Water
Used
gal.
per day
75
75
50
50
30
30
30
Average Tank Temperature, deg. F.
184 175 162 155 132 132
Piping
Insulated Uninsulated Insulated Uninsulated Insulated Uninsulated
Maximum Load on Boiler
B.t.u. per hr.
9,100 8,000
7,500
7,900 6,900
7,100
5,500 5,850
6,000
4,350
4,200
3,900
4,450
4,700
4,700
3,650
4,000
3,900
4,150
2,250
2,000
1,300
3,900
3,450
3,350
3,350
2,850
2,020
heat to the house. Thus, for slow-recovery water heaters similar to the
one used for the tests, it is not evident that it is necessary to make any
water heating allowance for the purpose of selecting a boiler. The
usual allowance made for pick-up and piping losses seems more than
adequate to provide for the small additional load imposed by heating
the domestic hot water.
VII. HOUSE CONDITIONS RESULTING FROM SUMMER USE OF BOILER
23. Summer Indoor Temperatures.-When the house heating boiler
is used during summer months to supply domestic hot water, it is in-
evitable that some of the heat escaping by radiation and convection
from the boiler, the chimney, the storage tank, and the piping will,
to some extent, raise the temperature of the air in the house. During
the summer of 1942, two series of tests were made in which all of the
operating conditions were the same, except that in Series A-S the
boiler was not in operation, while in Series A-H the boiler was used
to heat all of the domestic hot water used in the house. For these tests
the low-limit temperature control was set at 165 deg. F., and during
the time when no hot water was being used, the system operated under
stand-by conditions, maintaining the water in the 30-gal. storage tank
at an average temperature of about 150 deg. F. During all of the tests
in both series, complete records of the room air temperatures were
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FIG. 18. MAXIMUM INDOOR Am TEMPERATURES, SUMMER OPERATION
made. Basement windows remained closed at all times. The windows
on the first story were opened from the bottom at 6:00 p.m. and
closed at 10:00 p.m. The windows on the second story were opened
from the bottom at 6.00 p.m. and closed the following morning at
7:00 a.m. For both methods of operation, the curves of Fig. 18, plotted
against the daily average outdoor temperatures, show the maximum
indoor air temperatures occurring in each story, including the base-
ment. From the curves it is evident that, for any given outdoor tem-
perature, the use of the boiler to supply domestic hot water raised the
maximum air temperatures at the 60-in. level in the basement and at
the 30-in. level in the first story about 5 deg. F. above those obtained
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when the boiler was not in use. The increase in the maximum air
temperature at the 30-in. level for the second story was about 3 deg. F.
When the boiler was used to supply domestic hot water, the tem-
perature of the air at the basement ceiling level was approximately
5 deg. F. higher than that shown in Fig. 18 for the 60-in. level, and
was also higher than the temperature of the air on the first story. Thus
considerable heat was transmitted to the first story from the basement.
It may be observed that, under the schedule selected for these tests,
the basement windows were left closed at all times. As a result, the
basement air temperatures shown in Fig. 18, especially for Series A-H,
were quite high. It is probable that if the basement windows had been
opened at night, or possibly even if they had been left open all of the
time, lower basement temperatures would have been obtained, par-
ticularly in the case of Series A-H. In this case, ventilating the base-
ment might have provided a means for the escape of the layer of heated
air near the basement ceiling, and lower maximum temperatures of the
air on the first story would probably have been obtained.
24. Condensation on Basement Walls and Floors.-In the vicinity
of Urbana, the humidity during the summer months is quite high, and
frequently trouble is experienced from excessive condensation of
moisture on the basement walls and floor. The use of the boiler to
supply domestic hot water in the summer completely eliminated any
such condensation in the case of the I=B=R Research Home.
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